Introduction {#Sec1}
============

Major depressive disorder (MDD) is one of the most common mental disorders. 10--25% of women and 5--10% of men may become susceptible to the condition once or more in their life \[[@CR1]\]. Patients with MDD have a mortality rate over twice higher than normal and MDD is also known as a risk factor that can increase the morbidity of various medical diseases \[[@CR2], [@CR3]\]. Many researchers have demonstrated that changes of immune functions may play an important role in increasing mortality and morbidity among patients with MDD \[[@CR4], [@CR5]\].

However, there were controversial reports on immune functions in patients with MDD: immunosuppression or activation of the immune system \[[@CR6], [@CR7]\]. Several methods had been used to measure lymphocytes, determine how the lymphocytes function, and assess markers of immune activity in patients with MDD. There were different reports on the number of lymphocytes: the number of lymphocytes or natural killer (NK) cells has increased, decreased, or unchanged \[[@CR8]--[@CR12]\]. The functions of lymphocytes have been assessed on the basis of lymphocyte proliferation by mitogen stimulation, NK cell activity (NKCA), and the cytokine secretion. Many researchers have reported that lymphocyte proliferation by mitogen was decreased and a consistent decrease in NKCA in patients with MDD \[[@CR9], [@CR13]\]. However, no consistent report has been made on the number of lymphocytes in patients with MDD and limited research has been conducted on their immune functions in Korea.

These controversial results are probably due to interrelationship with the immune system and heterogeneity among patients with MDD. The patients with MDD diagnosed according to the criteria in the fourth edition of the diagnostic and statistical manual of mental disorders (DSM-IV) are not identical to one another but show quite different clinical symptoms \[[@CR14]\]. For this reason, many researchers have tried to categorize MDD according to the aspect of melancholy or the subtype of accompanying symptoms in examining the immune system \[[@CR15], [@CR16]\]. It is, therefore, necessary to classify a diversity of clinical symptoms of MDD in valid way. This study employed the 17-item Hamilton Rating Scale for Depression (HRSD), which has been widely used in clinical practice and research, to examine immune functions in patients with MDD in terms of those symptom factors divided by confirmational factor analysis \[[@CR17]\]. Many studies have examined the factor structure of the HDRS, with the original 17-item version of the scale being the most studied. Though some evidence of a relatively stable factor has been provided, not all studies of the 17-item scale factor support this finding \[[@CR17]--[@CR23]\].

As the literature review found that fluoxetine, a selective serotonin reuptake inhibitor (SSRI), was effective in restoring T cells negatively affected by stress and that NK cells became more active as depressive symptoms improved, an attempt was made to investigate immunologic variables before and after medication in patients with MDD \[[@CR24]--[@CR26]\].

This study aimed to examine immunologic changes by SSRI in patients with MDD and determine correlation between the symptom factors in HRSD and the immunologic variables. We hypothesized that immunologic variables would change after medication and some symptom factors would be correlated with immunologic variables.

Methods {#Sec2}
=======

Subjects and symptom assessment {#Sec3}
-------------------------------

This study was conducted in 49 outpatients diagnosed with MDD at the department of psychiatry, Incheon St. Mary's Hospital in the Catholic University of Korea. Diagnosis of MDD was confirmed by structured clinical interview for DSM-IV by two psychiatrists (EJP and SIH) \[[@CR27]\]. The subjects were treated with SSRIs and doses of SSRIs varied depending on patients' symptom improvement and side effects. Those who were at high risk of committing suicide or had psychotic symptoms, who had history of bipolar disorder, drug or alcohol dependence, schizophrenia, or other psychotic disorders, and who had a history of taking medication on a current episode of MDD within a month were excluded. Patients with abnormal findings in a battery of clinical laboratory test (including urine analysis, complete blood count, renal and liver function test, mineral panel, thyroid indices, chest X-ray, and electrocardiogram) were excluded. Those who had suffered from an immunologic disease or a malignant tumor were also excluded. In addition, those who had taken any other medicine during the 4 week period of treatment or who were found to have suffered from a cold or symptoms of inflammation by medical history or physical examinations were excluded. 17-item HRSD was used to assess the symptoms of MDD in the subjects at baseline and after 4 week treatment. HRSD was applied by trained psychiatric residents. EJP had trained the residents for interrater reliability using video recordings of ten cases of patients with MDD. This study was conducted with the approval of the Institutional Review Board of Incheon St. Mary's Hospital, the Catholic University of Korea (IRB number OCMC07MI002) and all the participants were given a full explanation of its purpose before they made a written consent. The participants signed the consent form accepting to participate and also for permission to published.

Flow cytometry {#Sec4}
--------------

A peripheral blood sample was taken from each subject at baseline and after 4 week treatment. The peripheral blood was treated with EDTA for flow cytometric analysis. All the tests were performed within 4 h after sampling and each sample was stored at room temperature (18--20 °C) before the analysis. To examine the immune status of the subjects, CD4-positive (helper T cell), CD8-positive (suppressor T cell), and CD56-positive cells (NK cell) were counted in the following way: 50 µL of the whole blood sample treated with EDTA was mixed with 5 µL of an antibody to each antigen (PE-CY5 conjugated mouse anti-human CD3, FITC conjugated mouse anti-human CD4, PE conjugated mouse anti-human CD8, and PE conjugated mouse anti-human CD56) (Immunotech, Marseille, France); then, each mixture was incubated in a darkroom for 30 min. Erythrocytes were then lysed by incubation in 2 mL of lysing solution (Immunotech, Marseille, France) and the sediments were washed in phosphate-buffered saline. Fluorescence was analyzed by flow cytometry (FACScan, Becton--Dickinson, CA, USA). Staining of CD3, CD4, and CD8 was performed by triple stain, and each positive population of CD4 and CD8 was separated from the gating cells with CD3-positive lymphocytes. CD56 were stained with a single preparation. Isotype controls (Immunotech, Marseille, France) were stained as the negative control, and the percentage of positive signal group in the gated lymphocytes was calculated.

Assessment of natural killer cell activity {#Sec5}
------------------------------------------

To determine the cytotoxic activity of NK cells on the K-562 tumor cell line (ATCC, Rockville, MD, USA), we used a modified lactate dehydrogenase (LDH) release assay. Mononuclear cells as effector cells, at a concentration of 8 × 10^5^/100 mL in a 200 µL culture medium, were mixed with K-562 cells, as target cells, at a concentration of 1 × 10^4^/100 mL. The assay was performed in 96-well U-bottom culture plates (Corning Glass Works, Corning, NY, USA) and incubated for 4 h at 37 °C in a 5% CO~2~ humid atmosphere. After the reaction, we sampled a 100 µL medium and used ELISA (Roche Diagnostics, Roche, Mannheim, Germany) to measure the amount of LDH isolated from K-562 cells as follows: we transferred the medium to a flat-bottom microplate (Molecular Devices Co., Sunnyvale, CA, USA) and added the same dose of a reagent (LDH substrate mixture) to it, and let it react at room temperature (15--25 °C) with light blocked out for 30 min, and measured absorbance at 490 nm wavelength. Culture media was used for the spontaneous LDH assay, and Triton X-100 solution was added to the media to determine the maximum amount of LDH isolated from K-562 cells, so that the cells could be lysed completely. On the basis of the absorbance in each condition, the following equation was used to assess activity of NK cells (% cytotoxicity):$$\documentclass[12pt]{minimal}
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Statistical analyses {#Sec6}
--------------------

The factor analysis divided the 17-item HRSD into depression factors (Fd), insomnia factors (Fi), and anxiety factors (Fa) by confirmational factor analysis. Fd included item 1 (depressed mood), item 2 (feeling of guilt), item 7 (work and activities), item 8 (retardation: psychomotor), and item 13 (somatic symptoms general); Fi included item 4 (insomnia early), item 5 (insomnia middle), and item 6 (insomnia late); and Fa included item 9 (agitation), item 10 (anxiety: psychological), item 11 (anxiety: somatic), item 15 (hypochondriasis), and item 16 (loss of weight). *T* test and one-way analysis of variances were used to compare the immunologic variables in terms of the demographic data and the clinical characteristics. Bonferroni test was applied for age group. To determine if immunologic variables differed across age and whether other demographic data impacted immunologic variables, we conducted a series of multivariable linear regression analysis. In these models, we included age and recent episode. Paired *T* test was used to compare the total scores of HRSD, the scores for three symptom factors, the number of lymphocyte subtypes, and the number and activity of NK cells at baseline and after medication. To determine the correlation between the number of lymphocyte subtypes, the number and activity of NK cells, and the three symptom factors of HRSD, we used Pearson's method and compared *r* and *p* values at baseline and after treatment after controlling age and recent episode. The significance level for all the statistics was set at .05. Statistical processing was performed using Statistica (version 12.0)

Results {#Sec7}
=======

Demographics and clinical characteristics {#Sec8}
-----------------------------------------

Forty-nine patients with MDD were included. Table [1](#Tab1){ref-type="table"} presents the demographic and clinical characteristics. Subjects were treated with escitalopram (*N* = 27; mean daily dose, 12.8 mg; range, 5--20 mg/day), paroxetine (*N* = 12; mean daily dose, 50 mg; range, 25--50 mg/day), and sertraline (*N* = 10; mean daily dose, 75 mg; range, 50--100 mg/day). Response to treatment was defined as ≥ 50% reduction of the baseline HAM-D score after 4 week treatment.Table 1Demographic and clinical characteristics of the subjects at baselineVariablesNumber (%)Age (years)50.9 ± 13.6 20--3911 (22.4) 40--5924 (49.0) 60≦14 (28.6)Sex Males7 (14.3) Females42 (85.7)Onset age (years)48.1 ± 15.5Recent episode Single26 (53.1) Recurrent23 (46.9)Duration of current episode (months)2.0 ± 2.2Response Responders23 (46.9) Non-responders26 (53.1)

Immunologic variable and HRSD scores {#Sec9}
------------------------------------

For the number of lymphocyte subtypes and the number and activity of NK cells by the demographic and clinical characteristics of the subjects at baseline, there were significant differences in CD4/CD8 ratio (*p *= .04) and NKCA (*p *= .01) among age groups. In addition, single episode group had significantly greater NKCA (*p *= .01) (Table [2](#Tab2){ref-type="table"}).Table 2Descriptive statistics of lymphocyte subsets and NKCA at baseline by the characteristics of the subjectsVariablesCD3, %CD4, %CD8, %CD4/CD8, %CD56, %NKCA, %Age (years) 20--3966.0 ± 9.038.7 ± 6.127.2 ± 4.31.4 ± .216.8 ± 6.79.8 ± 7.6 40--5964.1 ± 8.440.8 ± 6.123.3 ± 5.71.9 ± .6\*18.4 ± 6.617.1 ± 11.1 60≦61.1 ± 9.939.3 ± 5.621.8 ± 6.11.9 ± .521.2 ± 8.822.6 ± 11.2^†^Sex Males63.1 ± 11.340.0 ± 7.923.2 ± 6.31.8 ± .521.2 ± 9.317.1 ± 7.6 Females63.7 ± 8.739.9 ± 5.723.8 ± 6.01.8 ± .518.4 ± 7.017.0 ± 11.8Recent episode Single62.4 ± 8.338.9 ± 6.123.4 ± 5.61.8 ± .520.5 ± 8.120.3 ± 12.3 Recurrent65.1 ± 9.741.0 ± 5.724.1 ± 6.11.8 ± .517.0 ± 6.113.4 ± 8.8\*Response Responders62.8 ± 8.740.0 ± 5.522.8 ± 5.21.8 ± .520.8 ± 7.917.0 ± 9.7 Non-responders64.4 ± 9.440.0 ± 6.424.6 ± 6.21.7 ± .617.1 ± 6.517.1 ± 12.6\* *p* \< .05, a significant difference between 20 and 39 years and 40--59 years by Bonferroni test^†^ *p *\< .05,a significant difference between 20 and 39 years and 60≦ years by Bonferroni test

Figure [1](#Fig1){ref-type="fig"} presents plots of immunologic variables and HRSD scores at baseline and after 4 week treatment. After controlling for age and recent episode, there were significant increase CD8-positive cells (*p *= .03) and decrease CD4/CD8 ratio (*p *= .02) after medication. After 4 week treatment, both total score of HRSD and the scores of Fd, Fa, and Fi were significantly lower (Table [3](#Tab3){ref-type="table"}).Fig. 1Plots of immunologic variables and Hamilton Rating Scale for depression scores at baseline and after 4 week treatment Table 3Immunologic variables and symptom factor scores in patients with major depressive disorder at baseline and after 4 week treatmentVariablesAt baselineAfter treatment*t* value*p*CD3 (%)63.6 ± 9.064.7 ± 8.9− 1.1N.S.CD4 (%)39.9 ± 5.939.9 ± 6.0.0N.S.CD8 (%)23.8 ± 5.824.8 ± 5.4− 2.2.03.CD4/CD81.8 ± .51.7 ± .43.3.002.CD56 (%)18.8 ± 7.319.6 ± 8.7− 1.1N.S.NKCA (%)17.0 ± 11.218.5 ± 11.6− 1.0N.S.HRSD, total20.3 ± 5.511.4 ± 5.29.1\< .001Fd7.3 ± 2.34.3 ± 2.38.4\< .001Fi3.4 ± 1.51.3 ± 1.57.8\< .001Fa4.1 ± 1.72.5 ± 1.46.0\< .001

Partial correlation between immunologic variables and HRSD scores {#Sec10}
-----------------------------------------------------------------

At baseline, NKCA was positively correlated with Fa (*r *= .35, *p *= .02). After treatment, Fi was positively correlated with CD4/CD8 (*r *= .33, *p *= .03) (Table [4](#Tab4){ref-type="table"}).Table 4Partial correlation between immunologic variables and symptom factor scores in patients with major depressive disorder before and 4 weeks after the treatment after controlling age and recent episodeVariablesBefore treatmentAfter treatmentHRSD (total)FdFiFaHRSD (total)FdFiFaCD3*r* = .11*r* = .13*r* = .10*r* = .07*r* = .11*r* = .13*r* = − .01*r* = .14*p *= .47*p *= .40*p* = .51*p* = .65*p* = .79*p* = .39*p* = .97*p* = .36CD4*r* = .02*r* = − .02*r* = .09*r* = − .03*r* = .13*r* = .04*r* = .17*r* = .11*p* = .87*p* = .88*p* = .54*p* = .82*p* = .84*p* = .80*p* = .25*P* = .48CD8*r* = .15*r* = .23*r* = .06*r* = .25*r* = .03*r* = .16*r* = − .21*r* = .10*p *= .32*p* = .11*p *= .69*p* = .32*p* = .84*p* = .27*p* = .16*p* = .51CD4/CD8*r* = − .14*r* = − .21*r* = − .03*r* = − .13*r* = .03*r* = − .18*r* = .33*r* = −  .02*p *= .37*p* = .15*p* = .85*p* = .37*p* = .82*p* = .23*p* = .03\**p* = .87CD56*r* = − .03*r* = .00*r* = .03*r* = − .08*r* = − .13*r* = − .01*r* = − .08*r* = − .25*p* = .84*p* = .99*p* = .84*p* = .61*p* = .39*p* = .94*p* = .58*p* = .09NKCA*r* = .13*r* = .23*r* = − .23*r* = .35*r* = − .05*r* = .00*r* = − .09*r* = − .01*p* = .38*p* = .12*p* = .12*p* = .02\**p* = .76*p* = .98*p* = .53*p* = .97\* *p *\< .05

Discussion {#Sec11}
==========

The patients with MDD in this study were significantly increased in the number of CD8-positive cells and, consequently, a significant decrease in the CD4/CD8 ratio after medication. Severe depression was associated with lower CD8-positive cells in a large-scale meta-analysis among medically healthy persons, and as severity of depression may decrease after medication, CD4/CD8 ratio is correlated with the severity of depression \[[@CR9], [@CR28]\].

Medication made no change in NKCA in this study. Frank et al. reported that the responders to medication shown increased NKCA after the medication, whereas the non-responders shown decreased; others found that the decrease in NKCA lasted for 6 months during which medication was given \[[@CR26]\]. No change in NKCA by medication in this study is inconsistent with the previous findings probably because of the differences in subjects' demographic variables. In this study, 47% of subjects responded and 53% made no response after 4 week treatment. The ratio of responders seems to be relatively low, given that about 67% of patients with MDD are usually expected to respond to medication. Further research needs to execute long-term follow-up of NKCA in patients with MDD, since some non-responders are likely to respond to the medication 6--8 weeks later \[[@CR29]\].

Our model contained three symptom factors of HRSD: Fd, Fi, and Fa. Correlation between these factors and the immunologic variables was assessed at baseline and after treatment. NKCA was significantly positively correlated with anxiety factors in HRSD at baseline. More than half of individuals with a lifetime history of MDD report a lifetime history of one or more anxiety disorder, with the anxiety disorders predating the onset of MDD in the majority of cases and that depression disorder is accompanied by anxiety symptoms in most cases and immunologic research concerning anxiety has found that depressed patients with panic disorder may have a larger number of T cells and mitogen stimulation make greater lymphocyte proliferation than those without panic disorder and NKCA positively correlated with the score for Taylor's manifest anxiety in cancer patients \[[@CR30]--[@CR35]\]. From these findings, the result that symptoms of anxiety were correlated with the immunologic variables in patients with MDD may provide a clue to the immunologic changes observed among patients with MDD.

We analyzed by controlling two demographic variables, which showed difference in immunologic measures at baseline and after medication. (1) Age. The age group from 40 to 59 years accounted for 49% and older patients had significantly greater NKCA. The early reports suggested that NK cell numbers and activity were unchanged with aging, but more recent investigators have generally described an increase in the proportion of CD56^dim^ (mature) NK cells, a decrease in the number, and/or activity of NK cells, with a decreased affinity for target cells \[[@CR36]--[@CR39]\]. A recent study reported that psychosocial resources correlate with the expression of the cell surface maker CD57 (a marker of terminal maturation and senescence) on NK cells. These findings provide support that the sense that one has substantial resources may retard age-associated aspects of the microenvironment in which NK cells develop and mature, independent of effects on distress \[[@CR40]\]. (2) Recurrence of MDD. The patients with single episode had significantly greater NKCA at baseline than those with recurrent episode. Recurrence of depression may contribute to immunologic decrease such as NKCA.

At present, major depressive disorders are diagnosed through patient interviews, symptom checklists based on diagnostic criteria of DSM-IV or DSM-5, self-reported scales, and scales by clinicians. However, there is a controversy over the objectivity of the assessment based on these symptoms and limitations on the establishment of an individualized treatment plan \[[@CR41]--[@CR43]\].

Biomarkers are indicators of normal biological processes, pathogenic processes, or pharmacological responses to a therapeutic intervention that can be measured and evaluated objectively \[[@CR44]\]. However, the biomarker study of depression is difficult because of the heterogeneity of the disorder.

From the results, we carefully suggest that NKCA could be the possibility of being a diagnostic biomarker of anxiety-dominant depression subtype. CD+8 may also be an objective indicator of the severity and change of depression.

Results of this study in a limited small population could not be generalized to the patients with MDD. To overcome such a limitation, it is necessary to include normal control in the population and conduct in-depth, more systematic, wide-ranging research by assessing immune responses to antibodies and immune mediators, such as cytokine, as well as by counting immunocytes and by measuring their activity. An additional limitation to absent a healthy control sample is that it is difficult to determine whether immunological changes over time are related to technical changes in two assays or to experimental conditions unrelated to symptomatic changes in subjects.

It has been reported that a decrease of cell-mediated and innate immune responses is correlated with vulnerability to infectious diseases among patients with depression and that depression is correlated with immunologic activity among patients with cardiovascular diseases or inflammatory diseases, such as rheumatoid arthritis \[[@CR5], [@CR45]--[@CR47]\]. These results imply that changes of immune functions among patients with MDD may depend on their age and chronicity of the condition, and such changes can also affect physical health of the patients.

Our research has provided new perspectives on the contribution of cellular immunity to major depression disorders and antidepressant treatment response as a potential biomarker.

Conclusion {#Sec12}
==========

This study aimed to examine the immunologic changes by medication in patients with MDD, assess correlation between immunologic variables and symptom factors, and determine association between depression disorder and immune functions. Fifty-one patients with MDD who had no history of taking psychotropic drugs during the period of MDD episodes and had no major physical disease participated in this study. The 17-item Hamilton Rating Scale for Depression (HRSD) was used to assess the symptoms among the subjects, and the items in HRSD were divided into depression, insomnia, and anxiety factors by confirmational factor analysis. To assess the immune functions in the subjects, we used flow cytometry to count NK cells and lymphocytes in peripheral blood, employed ELISA using K-562 to assess activity of NK cells, and provided 4 week treatment with a selective serotonin inhibitor to observe changes of symptoms. We also counted NK cells and lymphocytes in peripheral blood, assessed their activity, and determined correlation between these variables and the three factors in HRSD. After treatment, the number of CD8-positive cells increased significantly (*p *\< .05) and the CD4/CD8 ratio dropped significantly (*p *\< .01). Positive correlation was found between the anxiety factors and NKCA at baseline (*r *= .36, *p *= .01); however, no correlation was found after treatment. As medication improved the symptoms of MDD, immune functions changed. The symptoms of anxiety, which accompanied MDD, were found to have a principal impact on such immunologic variables as NKCA.
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